Data belongs to OSHRI (Korea Occupational Safety & Health Research Institute, [oshri.kosha.or.kr](http://oshri.kosha.or.kr)) in Korea. All Korean Working Conditions Survey (KCWS) files are publicly available from the KCWS database. (<http://hdl.handle.net/20.500.12236/23243>). The authors do not have any special access privileges.

Introduction {#sec001}
============

Dust and fumes are complex mixtures of airborne gases and fine particles, which arise from various sources, such as soil, pollution, and are present at working and living environments \[[@pone.0228853.ref001], [@pone.0228853.ref002]\]. Most people are frequently exposed to airborne dust, which they inhale daily, and to dust and fumes transported through the troposphere. Dust and fumes are major contributors to environmental pollution, and their concentration has increased in recent decades as a consequence of rapid industrialization and urbanization \[[@pone.0228853.ref003], [@pone.0228853.ref004]\].

Workers can be protected against inspiring particles released in their occupational environment. Previous research has shown that occupational exposure to dust and fumes can lead to diseases, such as heart or lung disease, or respiratory disorder \[[@pone.0228853.ref005]--[@pone.0228853.ref007]\], among others. Furthermore, occupational exposure to dusts and fumes was classified as a Group 1 carcinogen by the International Agency for Research on Cancer (IARC) \[[@pone.0228853.ref008], [@pone.0228853.ref009]\]. For example, a previous study has found a significant association between occupational exposure to mineral dust and risk of gastric cancer \[[@pone.0228853.ref010]\].

Moreover, inflammation caused by dust exposure can have deleterious systemic effects, such as ischemic heart disease, respiratory or digestive system dysfunction \[[@pone.0228853.ref011], [@pone.0228853.ref012]\], and chronic dust exposure can lead to chronic inflammation \[[@pone.0228853.ref013], [@pone.0228853.ref014]\]. In turn, chronic inflammation has been shown to affect the mental health, leading to increase in depression and anxiety, by disrupting hormonal regulation \[[@pone.0228853.ref015]--[@pone.0228853.ref018]\]. However, few studies to-date have reported on the relationship between dust exposure and mental health. Therefore, this study aimed to investigate the relationship between dust exposure levels and mental health.

Materials and methods {#sec002}
=====================

Study population {#sec003}
----------------

We analyzed data from the third and fourth Korean Working Conditions Survey (KWCS) conducted by the Korea Occupational Safety and Health Agency in 2011 and 2014, respectively. The survey methods and structure used in the KWCS are the same as those used by the European Working Condition Survey (EWCS) for comparing working conditions among countries. The population of the KWCS included a representative sample of current Korean workers aged over 15 years, selected from across the country using multistage systematic cluster sampling. We merged the 2011 and 2014 data sets of the KWCS. However, the KWCS participants differed based on the survey year; the survey structure, which is based on the EWCS, and purpose of the survey, which was to include a representative working population from the Republic of Korea, remained the same in both years. The survey involved face-to-face interviews during house visits, which were conducted by trained interviewers. All participants enrolled in the study agreed to participate in further scientific research. All data are accessible at website: '<http://www.kosha.or.kr/kosha/data/primitiveData.do>' A total of 100,039 individuals participated in the third and fourth KWCS (n = 50,032 and n = 50,007, respectively). In the present study, we extracted data on adult participants aged 20--65 years, including information regarding education, household income, symptoms, working duration, and other relevant variables. Finally, data from 78,512 participants (43,979 in men, 34,533 in women) were included in this study after excluding those who were out of the range of age (n = 12,740) and those who missed or refused (n = 8,787) ([Fig 1](#pone.0228853.g001){ref-type="fig"}).

![Schematic diagram depicting study population.](pone.0228853.g001){#pone.0228853.g001}

Main variables {#sec004}
--------------

The health condition was classified based on self-reported questionnaires, that collected information about symptoms. Depression or anxiety, overall fatigue, and sleep disturbance or insomnia were assessed by response to the question: "Did you have any of these health problems over the last 12 months?" This question was identical to the question used in the European Working Conditions Survey. Participants who answered "yes" were considered to have experienced some symptoms.

Additionally, participants were asked the following question regarding occupational dust exposure: "Are you exposed to inhalational smoke, fumes (such as welding or exhaust fumes), powder, or dust (such as wood dust or mineral dust) at work?" Participants answered each question based on a seven-point scale, which represented the following answers: "all of the time," "almost all of the time," "around 3/4 of the time," "around half of the time," "around 1/4 of the time," "almost never," and "never". The responses were divided into three categories: "low" (corresponding to "less than 1/4 of the time"), "moderate" ("around half of the time" or "around 3/4 of the time"), and "severe" (more than 3/4 of the time), with daily working hours used as the reference timeframe for exposure.

Covariates {#sec005}
----------

Potentially confounding variables included gender, age (\<40, 40 to 60, and ≥60), educational level, and household income, and occupational characteristics, such as type of work, size of enterprise, work schedule, and self-rated job satisfaction. The self-rated health status was also included. The educational level was divided into four categories: elementary school and below, middle school, high school, and college or above. Average monthly income was divided into four groups with intervals of 1,000 U.S. dollars. The type of work was also divided into "paid workers" and "others," which included the self-employed, and participants in non-paying occupations, such as homemaking. The size of enterprise was classified based on \<1, 2--4, 5--49, and ≥50 workers. Further, we used data on work schedules to identify shift workers, and categorized them into the two following groups based on this information: "shift" and "fixed." Self-rated job satisfaction was divided into three groups based on the answer to the question: "Generally, what do you think about your current job?" The answer "very satisfied" was categorized as "good" job satisfaction, "satisfied" and "not at all satisfied" were into "moderate," and "not very satisfied" was classified as "bad." The self-rated health status was assessed using the question: "How is your health in general?" The responses were grouped as "good" (answers, "very good" and "good"), "moderate" ("fair"), and "bad" ("bad" and "very bad").

Statistical analysis {#sec006}
--------------------

We performed chi-square tests to compare the different baseline and occupational characteristics and mental health status based on occupational dust exposure levels. The odds ratio (OR) and 95% confidence intervals (95% CIs) for having mental health problems (fatigue, depression or anxiety, and insomnia or sleep disturbance) were calculated using adjusted multiple logistic regression models. Potential confounders for the adjusted logistic model were selected by backward stepwise elimination and based on the findings of previous studies \[[@pone.0228853.ref019], [@pone.0228853.ref020]\]. The final multiple logistic model was adjusted for age, sex, education, income, type of work, size of enterprise, work schedule, self-rated health status, and self-rated job satisfaction level.

The weighted prevalence of each mental health problem was estimated based on exposure hours to occupational dust per week, which was converted from daily to weekly exposure hours of occupational dust. All statistical analyses were completed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results {#sec007}
=======

As shown in [Table 1](#pone.0228853.t001){ref-type="table"}, 69,874 (89.0%), 6,013 (7.7%), and 2,625 (3.3%) participants were exposed to "low," "moderate," and "severe" levels of occupational dust. Among the men, 37,632 (85.6%), 4,294 (9.8%), and 2,053 (4.6%) participants were affected by "low," "moderate," and "severe" levels of exposure, respectively; among women, the corresponding proportions were 32,242 (93.4%), 1,719 (5.0%), and 572 (1.6%), respectively. The highest proportion of study participants by socioeconomic characteristics were aged 40\~59 years old (50.0%, n = 39,269), were high school graduates (40.5%, n = 31,824), and had monthly incomes of under \$1,000 (31.4; n = 24,671). In terms of working characteristics, most participants had fixed working schedules (93.4%, n = 79,325) and moderate job satisfaction levels (92.5%, n = 72,599). The prevalence of depression or anxiety, fatigue, and insomnia or sleep disturbance was 1.4% (n = 1,089), 25.8% (n = 20,276), and 2.6% (n = 2,071), respectively. Those who answered, "yes" to depression or anxiety showed a significant difference across "low" (946; 86.9%), "moderate" (93; 8.5%), and "severe" (50; 4.6%) exposure levels. Those who answered, "yes" to fatigue showed a significant difference across "low" (17,200; 84.8%), "moderate" (2,115; 10.4%), and "severe" (961; 4.8%) levels. Those who answered "yes" to insomnia or sleep disturbance showed a significant difference across "low" (1,783; 86.1%), "moderate" (165; 8.0%), and "severe" (123; 5.9%) exposure levels.

10.1371/journal.pone.0228853.t001

###### Baseline study participants (n = 78,512) according to occupational dust exposure level.

![](pone.0228853.t001){#pone.0228853.t001g}

                                  Total participants n(% of column)   Occupational dust exposure[\*](#t001fn001){ref-type="table-fn"}, n(% of row)                                          
  ------------------------------- ----------------------------------- ------------------------------------------------------------------------------ -------- ------ ------- ------ ------- ------
  Total subjects                  78.512                              100.0                                                                          69,874   89.0   6,013   7.7    2,625   3.3
  Sex                                                                                                                                                                                       
  Men                             43.979                              56.0                                                                           37,632   85.6   4,294   9.8    2,053   4.6
  Women                           34.533                              44.0                                                                           32,242   93.4   1,719   5.0    572     1.6
  Age                                                                                                                                                                                       
  \<40                            25,432                              32.4                                                                           23,448   92.2   1,369   5.4    615     2.4
  \<60                            39,269                              50.0                                                                           34,580   88.1   3,169   8.1    1,520   3.8
  ≥60                             13,811                              17.6                                                                           11,846   85.8   1,475   10.7   490     3.5
  Education                                                                                                                                                                                 
  Elementary school               7,517                               9.6                                                                            6,310    83.9   854     11.4   353     4.7
  Middle school                   7,428                               9.5                                                                            6,173    83.1   847     11.4   408     5.5
  High school                     31,824                              40.5                                                                           27,384   86.1   3,057   9.6    1,383   4.3
  University                      31,743                              40.4                                                                           30,007   94.5   1,255   3.9    481     1.6
  Monthly income (\$)                                                                                                                                                                       
  \<1,000                         24,671                              31.4                                                                           21,886   88.7   1,947   7.9    838     3.4
  \<2,000                         14,613                              18.6                                                                           13,060   89.4   1,114   7.6    439     3.0
  \<3,000                         21,014                              26.8                                                                           18,525   88.2   1,692   8.0    797     3.8
  ≥3,000                          18,214                              23.2                                                                           16,403   90.1   1,260   6.9    551     3.0
  Type of work                                                                                                                                                                              
  Paid workers                    49,289                              62.8                                                                           43,764   88.8   3,624   7.4    1,901   3.8
  Self-employed and other         29,223                              37.2                                                                           26,110   89.3   2,389   8.2    724     2.5
  Size of enterprise                                                                                                                                                                        
  1                               19,883                              25.3                                                                           17,581   88.4   1,767   9.0    535     2.6
  \<5                             19,462                              24.8                                                                           17,715   91.0   1,287   6.6    460     2.4
  \<50                            26,220                              33.4                                                                           23,262   88.7   1,980   7.6    978     3.7
  ≥50                             12,947                              16.5                                                                           11,316   87.4   979     9.6    652     5.0
  Work schedule                                                                                                                                                                             
  Shift                           5,187                               6.6                                                                            4,443    85.7   448     8.6    296     5.7
  Fixed                           73,325                              93.4                                                                           65,431   89.2   5,565   7.6    2,329   3.2
  Self-rated health status                                                                                                                                                                  
  Good                            52,826                              67.3                                                                           47,555   90.0   3,651   6.9    1,620   3.1
  Moderate                        21,580                              27.5                                                                           18,921   87.7   1,907   8.8    752     3.5
  Bad                             4,106                               5.2                                                                            3,398    82.8   455     11.0   253     6.2
  Self-rated job satisfaction                                                                                                                                                               
  Good                            4,242                               5.4                                                                            4,055    95.6   143     3.4    44      1.0
  Moderate                        72,599                              92.5                                                                           64,555   88.9   5,663   7.8    2,381   3.3
  Bad                             1,671                               2.1                                                                            1,264    75.6   207     12.4   200     12.0
  Depression or anxiety                                                                                                                                                                     
  Yes                             1,089                               1.4                                                                            946      86.9   93      8.5    50      4.6
  No                              77,423                              98.6                                                                           68,928   89.0   5,920   7.7    2,575   3.3
  Fatigue                                                                                                                                                                                   
  Yes                             20,276                              25.8                                                                           17,200   84.8   2,115   10.4   961     4.8
  No                              58,236                              74.2                                                                           52,674   90.5   3,898   6.7    1,664   2.8
  Insomnia or sleep disturbance                                                                                                                                                             
  Yes                             2,071                               2.6                                                                            1,783    86.1   165     8.0    123     5.9
  No                              76,441                              97.4                                                                           68,091   89.1   5,848   7.6    2,502   3.3

\*Occupational dust exposure level was categorized by exposure time of daily work hours; low (\<50%), moderate (50\~75%), and severe (\>75%)

[Table 2](#pone.0228853.t002){ref-type="table"} demonstrates the results of logistic regression in terms of depression or anxiety for "moderate" (1.09 \[0.88--1.36\]) and "severe" (1.16 \[0.87--1.58\]) dust exposure levels when the reference was set to "low". When the "low" exposure group was set as the reference for fatigue, the "moderate" (1.54 \[1.46--1.64\]) and "severe" (1.65 \[1.52--1.80\]) groups showed significant results. In terms of insomnia or sleep disturbance, the results were significant in the "moderate" (0.99 \[0.84--1.16\]) and "severe" (1.52 \[1.25--1.85\]) groups. The weighted prevalence and linear trends of each mental health symptom according to the exposure hours to occupational dust per week are shown in [Fig 2](#pone.0228853.g002){ref-type="fig"}. The linearity in fatigue and insomnia or sleep disturbance indicated the existence of a dose-response relationship.

![Weighed prevalence and trend of depression or anxiety, fatigue, and insomnia or sleep disturbance in the Korean workers according to exposure hours to occupational dust per a week.\
(All working hours are estimated 60 hours per a week).](pone.0228853.g002){#pone.0228853.g002}

10.1371/journal.pone.0228853.t002

###### Results of odds ratio (OR) and 95% confidence intervals (CI) according to occupational dust exposure level by logistic regression model.
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                                  Occupational dust exposure[\*](#t002fn001){ref-type="table-fn"}, OR (95% CI)                                               
  ------------------------------- ------------------------------------------------------------------------------ ------ -------------- ------ -------------- ----------
  Depression or anxiety           Reference                                                                      1.09   (0.88--1.36)   1.16   (0.87--1.58)   0.2062
  Fatigue                         Reference                                                                      1.54   (1.46--1.64)   1.65   (1.52--1.80)   \< .0001
  Insomnia or sleep disturbance   Reference                                                                      0.99   (0.84--1.16)   1.52   (1.25--1.85)   0.0010

\*Occupational dust exposure level was categorized by exposure time of daily work hours; low (\<50%), moderate (50\~75%), and severe (\>75%)

All models are adjusted age, sex, education, income, type of work, size of enterprise, work schedule, self-rated health status, and self-rated job satisfaction level.

Discussion {#sec008}
==========

This study investigated the relationship between occupational dust exposure and workers' mental health, showing an association between symptoms such as fatigue, insomnia or sleep disturbance, and exposure to "moderate" and "severe" levels of dust. These relationships remained when data were adjusted for socio-demographic and occupational characteristics such as age, sex, education, income, and type of work, size of enterprise, work schedule, self-rated health status, and self-rated job satisfaction. Furthermore, the results revealed a dose-response relationship between exposure and outcomes of interest. Therefore, the longer and more pronounced the exposure to dust, the higher was the frequency of mental health symptoms such as fatigue and insomnia, among surveyed workers. However, the incidence of depression or anxiety was not affected by dust exposure. This finding is inconsistent with that of a previous study on past occupational dust exposure among retired Chinese factory workers, where depressive symptoms and anxiety were associated with dust exposure \[[@pone.0228853.ref021]\].

An inflammatory response is considered to be the basis for the pathogenesis of various diseases. A significant number of previous studies have focused on elucidating the link between dust exposure and airway inflammation \[[@pone.0228853.ref022]--[@pone.0228853.ref025]\]. While dust inhalation can cause local inflammation of the airways, other research has shown that it can also lead to systemic inflammation, whereby the inhaled dust enters blood circulation, resulting in oxidative stress and subsequent systemic inflammation \[[@pone.0228853.ref026], [@pone.0228853.ref027]\]. Elevated inflammatory markers have also been found to be closely associated with psychiatric disorders such as major depression \[[@pone.0228853.ref028]\], anxiety \[[@pone.0228853.ref029]\], and bipolar disorder \[[@pone.0228853.ref030]\]. In addition, further studies have shown a relationship between inflammation and symptoms consistent with mental illness, including sleep disturbance and fatigue \[[@pone.0228853.ref031], [@pone.0228853.ref032]\]. A current hypothesis proposed as an explanation for the influence of dust exposure on mental health suggests that inflammation (local or systemic) caused by inhaled dust may be prolonged and may become chronic, resulting in psychiatric problems.

Similar to the mechanism whereby noise annoyance may lead to psychological problems by provoking sustained central autonomic arousal and disruption of the dopamine pathway \[[@pone.0228853.ref033]\], occupational dust exposure may lead to mental health problems by triggering sustained nervous stimulation, which is associated with cortical activation. The impact of dust exposure on mental health may therefore be referred to as "dust annoyance."

The concept of "dust annoyance" in mental health may be explained by a neurocognitive mechanism. The predisposing factors, such as stressors at the workplace, which are associated with somatic, cognitive, or cortical activation, are closely linked to perpetuating factors such as extension of time in bed due to obstacles to de-arousal from cortical arousal \[[@pone.0228853.ref034]\]. The concept proposes that "dust annoyance" could continually increase cortical arousal, leading to mental health deterioration, which ranges from symptoms of fatigue and sleep disturbance to depression or anxiety; the current results are in agreement with this concept.

The present study has several limitations. First, owing to the cross-sectional study design, the results indicate an association between "dust annoyance" and the mental health of workers; no conclusions may therefore be drawn with respect to causality. Nevertheless, a biological gradient, which constitutes one of Hill's criteria for causality \[[@pone.0228853.ref035]\], was detected in our analysis, which indicates that the reported association was causal. However, any such association should be interpreted with caution as most dose-response curves are non-linear owing to complex factors that affect the shape of the curve \[[@pone.0228853.ref036]\]. Second, as our study was based on self-reported symptoms from questionnaire data, which relies on the accuracy of participants' memory, there was a possibility of recall bias. In addition, the mental health status surveyed in the present study, such as depression or anxiety, fatigue, and insomnia or sleep disturbance was based on self-reported information; therefore, any suspected or reported psychopathologies did not necessarily meet the diagnostic criteria for particular medical conditions.

Third, the type and quantity of inhaled dust was not assessed quantitatively owing to a lack of relevant data. As these factors may have distinct health effects, prospective studies are needed to elucidate the dose-response phenomenon more clearly. Furthermore, we evaluated the mental health status with particular focus on occupational dust exposure levels without considering other health behaviors such as smoking, alcohol drinking, or exercise. Mental health is known to be closely related with health behavior \[[@pone.0228853.ref037]\]. Unfortunately, health behavioral factors linked to mental health were not accessible owing to the nature of the KWCS data. Lastly, we used occupational dust exposed levels during the working period as the main risk factor for mental health. However, we could not evaluate the conditions during the entire working period, that may have had an adverse impact on the mental health of workers. In this cohort, workers' mental health was closely related with exposure to multiple occupational risk factors at the workplace \[[@pone.0228853.ref038]\]. Unfortunately, this study does not reflect the conditions of the entire working period. Further studies are needed to investigate this important issue.

Conclusion {#sec009}
==========

In conclusion, occupational "dust annoyance" in this cohort was linked to workers' mental health status, particularly with fatigue and sleep disturbance, indicating a dose-response relationship. Since conditions such as fatigue and sleep disturbance may decrease work efficiency and lead to injuries at workplaces, it is essential to limit dust exposure in work environments, and to provide personal protective gear to workers.

10.1371/journal.pone.0228853.r001
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1\. L71-83 Study population:

\- Please add availability of the data.

\- Please specify the information regarding missing observation.

\- Please describe the rational of the integration of data in 2011 and 2014.

2, L86-100 main variables:

\- Please describe clearly how depression, anxiety, fatigue, and sleep problems were specified.

\- Mental health status was assessed by single item binary items. Please add the validity of the items in terms of ability for screening mental health.

\- You mentioned that "most people are unaware that they daily inhale dust" in introduction section. However, occupational dust exposure was assessed using subjective rating. Please describe the validity of subjective rating item of occupational dust exposure used in this study.

3\. L102-119. Covariates:

\- Please clarify the rationale of including covariates into regression model as potential confounder. Please cite previous studies to explain whether each covariate is valid as a potential confounder.

\- Smoking has been shown to be a predictor of onset of anxiety and mood disorders (see, Mojtabai, R., & Crum, R. M. (2013). Cigarette smoking and onset of mood and anxiety disorders. American journal of public health, 103(9), 1656-1665.). Therefore, smoking status can be an important potential confounder for the relationship between occupational dust exposure and mental health. However, smoking status was not included in this study. This point should be mentioned in the discussion section as a critical limitation of this study.

4\. Table 1 and L132-141, results:

\- I recommend that you do not perform statistical tests on the crosstabulation table in Table 1, in terms of multiplicity of tests.

\- It would be more meaningful to show how the proportions and values differ between groups, rather than only mention statistical significance in the result section manuscript related to Table 1.

5\. fig.2 and analysis method:

\- In figure 2, the relationship between fatigue and exposure hours to occupational dust per week seems to be nonlinear (linearly increasing from 0 to 30 and constant after 30). The analytical method should be reconsidered to clarify this nonlinear relationship.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

Reviewer \#3: Yes: Yoshitake Takebayashi

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Editor Comments:

1\. As described in the method, occupational dust exposure is based on the working time. This study showed that working time in dust exposure condition affected rather than the exposure itself affected the mental health. The words "occupational dust exposure" is misleading. Please change these words carefully throughout the manuscript including title.

Answer) As suggested, we revised the text to indicate the relationship with the levels of exposure instead of the exposure itself. The title has accordingly been revised to: "Relationship between occupational dust exposure levels and mental health symptoms among Korean workers."

2\. While several variables related to the working condition are included as covariates, the authors did not include the non-exposure working time (i.e., the working time without dust exposure) as covariates. There is a possibility that the other working time rather than the working time in dust exposure condition gave adverse effects on mental health. The authors should discuss this point.

Answer) The current investigation focused on the symptoms of mental health related to occupational dust exposure levels. However, we agree that the conditions of workplace for the entire time spent working has an impact on workers' health. In this study, we found a significant association between occupational dust exposure levels and symptoms of mental health after adjusting for potential confounders as far as practicable; however, it is important to understand the clinical implications of the conditions during the entire working period on the health status of workers. We have therefore revised the limitations section as follows:

Lastly, we used occupational dust exposed levels during the working period as the main risk factor for mental health. However, we could not evaluate the conditions during the entire working period, that may have had an adverse impact on the mental health of workers. In this cohort, workers' mental health was closely related with exposure to multiple occupational risk factors at the workplace \[1\]. Unfortunately, this study does not reflect the conditions of the entire working period. Further studies are needed to investigate this important issue.

3\. The authors did not mention Tables and Figures in the text of the manuscript. Please refer them in relevant positions.

Answer) We apologize for the error, and have mentioned the relevant Table and Figure numbers in the text of the Results section as follows:

As shown in Table 1, 69,874 (89.0%), 6,013 (7.7%), and 2,625 (3.3%) participants were exposed to "low," "moderate," and "severe" levels of occupational dust.

Table 2 demonstrates the results of logistic regression in terms of depression or anxiety for "moderate" (1.09 \[0.88-1.36\]) and "severe" (1.16 \[0.87-1.58\]) dust exposure levels when the reference was set to "low".

The weighted prevalence and linear trends of each mental health symptom according to the exposure hours to occupational dust per week are shown in Figure 2. The linearity in fatigue and insomnia or sleep disturbance indicated the existence of a dose-response relationship.

4\. Abstract (P2L36-41): The results were not significant. The word "increased" is misleading.

Answer) This study found that except for moderate exposure in insomnia or sleep disturbance (OR 0.99), moderate and severe occupational dust exposure levels did increase the risk of prevalence of each mental health symptom compared to low levels; however, statistical significance was observed for fatigue with moderate and severe exposure and for insomnia or sleep disturbance with moderate exposure levels. We have revised the study results section in the Abstract to improve clarity as follows:

Compared to "low" levels of dust exposure, "moderate" and "severe" exposure increased the risk of depression and anxiety (OR=1.09, 95%CI: 0.88-1.36; OR=1.16, 95%CI: 0.87-1.58, per exposure respectively); however, this was not statistically significant.

5\. Reference lists appeared twice. Please correct them.

Answer) We apologize for the error, and have deleted the duplicated references.

 

Review Comments to the Author

Reviewer \#1: The paper investigates associations between dust exposure and mental health. The study population is a large population-based sample that seems to be representative of the current Korean workforce. Mental Health and dust exposure are both self-reported, but the limitations of this is nicely discussed, as are the results in general. However, since the study sample are of current workers, it would be nice with a paragraph discussing the healthy worker effect and if this could have any effect on the results.

Answer) Both, the EWCS and KWCS were established to understand the working condition of workers from the ecological perspective. As correctly observed, the healthy worker effect could be an extremely important potential confounder while comparing the working population with the general population or when studying serious conditions such as cancer or death among workers. However, the current investigation exclusively focused on the self-rated mental health status among workers based on dust exposure.

Other minor comments:

I can\'t find any references to figure 2 in the text

Page 5, lines 78-79: the sentence \"the quality of the KWCS\" is incomplete.

There are some references in separate brackets where they should be in one bracket, such as page 4 lines 62, 63 and 65.

Answer) As suggested, we have added the reference to Figure 2 in the Results section, and have corrected the sentence in lines 78-79 on page 5. In addition, all adjacent references cited in separate brackets were merged.

 

Reviewer \#2: Well done! I think this is a good research study that addresses an underemphasized connection between occupational and mental health.

There are some sections of the discussion that I think could be better phrased to aid with clarity. Line 182-184 is not entirely clear in meaning\" \"The predisposing factors, such as stressors at a workplace, which are associated with somatic, cognitive, or cortical activation closely linked to perpetuating factors such as extension of time in bed due to obstacle to de-arousal from the cortical arousal.\" Please re-phrase this.

Answer) As suggested, we have rephrased the sentence in lines 182-184 to improve clarity as follows:

Similar to the mechanism whereby noise annoyance may lead to psychological problems by provoking sustained central autonomic arousal and disruption of the dopamine pathway \[33\], occupational dust exposure may lead to mental health problems by triggering sustained nervous stimulation, which is associated with cortical activation.

Excellent job with the limitations of the study.

Answer) Thank you for your encouraging comment.

 

Reviewer \#3: SUMMARY

The authors examined the relationship between subjective occupational dust exposure and mental health conditions (such as depression and anxiety, fatigue, and sleep problems) using representative large-scale survey (KWCS) conducted in 2011 and 2014 with cross-sectional design. As a result of multiple logistic regression, occupational dust exposure was significantly related to fatigue and sleep problems after adjusting key covariates. The paper is generally well written. I recommend some revisions to enhance the clarify of the paper regarding following points:

1\. L71-83 Study population:

\- Please add availability of the data.

\- Please specify the information regarding missing observation.

\- Please describe the rational of the integration of data in 2011 and 2014.

Answer) We have revised the methods section with available data from the KWCS site. The data of the study participants in Figure 1 have been revised. The data structure of the KWCS and the integration methods were also revised.

2, L86-100 main variables:

\- Please describe clearly how depression, anxiety, fatigue, and sleep problems were specified.

\- Mental health status was assessed by single item binary items. Please add the validity of the items in terms of ability for screening mental health.

Answer) Both, the EWCS and KWCS were established to understand the working conditions of workers from an ecological perspective. The health problem questionnaires were not based on clinical indices, but on self-answered symptoms. Although these do not adequately assess the symptoms of mental health in the clinic, they are useful for evaluating the working condition-related mental health status. We have revised the title to add the word 'symptoms,' and have added an explanation in the limitations section as follows:

Second, as our study was based on self-reported symptoms from questionnaire data, which relies on the accuracy of participants' memory, there was a possibility of recall bias. In addition, the mental health status surveyed in the present study, such as depression or anxiety, fatigue, and insomnia or sleep disturbance was based on self-reported information; therefore, any suspected or reported psychopathologies did not necessarily meet the diagnostic criteria for particular medical conditions.

\- You mentioned that "most people are unaware that they daily inhale dust" in introduction section. However, occupational dust exposure was assessed using subjective rating. Please describe the validity of subjective rating item of occupational dust exposure used in this study.

Answer) We have revised the sentence.

3\. L102-119. Covariates:

\- Please clarify the rationale of including covariates into regression model as potential confounder. Please cite previous studies to explain whether each covariate is valid as a potential confounder.

Answer) As suggested, we have explained the rationale of including covariates as potential confounders in the methods section, as follows:

Potential confounders for the adjusted logistic model were selected by backward stepwise elimination and based on the findings of previous studies \[19, 20\]. The final multiple logistic model was adjusted for age, sex, education, income, type of work, size of enterprise, work schedule, self-rated health status, and self-rated job satisfaction level.

\- Smoking has been shown to be a predictor of onset of anxiety and mood disorders (see, Mojtabai, R., & Crum, R. M. (2013). Cigarette smoking and onset of mood and anxiety disorders. American journal of public health, 103(9), 1656-1665.). Therefore, smoking status can be an important potential confounder for the relationship between occupational dust exposure and mental health. However, smoking status was not included in this study. This point should be mentioned in the discussion section as a critical limitation of this study.

Answer) Smoking status is a very important risk factor for mental health status. However, the KWCS did not have any information regarding individual health related behaviors such as smoking, drinking, or exercise levels. We could not control all the potential confounders owing to the nature of the data. We asked the OSHA, which is conducting the KWCS, to develop a survey structure focused on health related factors. As suggested, we mentioned this limitation in the manuscript as follows:

Furthermore, we evaluated the mental health status with particular focus on occupational dust exposure levels without considering other health behaviors such as smoking, alcohol drinking, or exercise. Mental health is known to be closely related with health behavior \[37\]. Unfortunately, health behavioral factors linked to mental health were not accessible owing to the nature of the KWCS data.

4\. Table 1 and L132-141, results:

\- I recommend that you do not perform statistical tests on the crosstabulation table in Table 1, in terms of multiplicity of tests.

\- It would be more meaningful to show how the proportions and values differ between groups, rather than only mention statistical significance in the result section manuscript related to Table 1.

Answer) We have revised table 1 and the results section, as suggested.

5\. fig.2 and analysis method:

\- In figure 2, the relationship between fatigue and exposure hours to occupational dust per week seems to be nonlinear (linearly increasing from 0 to 30 and constant after 30). The analytical method should be reconsidered to clarify this nonlinear relationship.

Answer) As suggested, we conducted trend analysis of the mental health status according to weekly exposure (in hours) to occupational dust. The relationship between mental health status and occupational dust exposure levels was found to be variable. We therefore calculated the trend of weighted prevalence for the mental health status based on the occupational dust exposure level linearity, using the estimate of beta, statistical significance, and visual graphics. Since 'linear trend' was a misleading expression, we have edited the figure legend and related text, accordingly.
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2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.
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3\. Has the statistical analysis been performed appropriately and rigorously?
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4\. Have the authors made all data underlying the findings in their manuscript fully available?
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